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35...(n -MgZnO LOW-RESISTANCE LAYER) 
32... (n-MgZnO CLADDING LAYER) 
33... G-MgZnO ACTIVE LAYER) 
34...(p-MgZnO CLADDING LAYER) 
22... (METAL REFLECTIVE LAYER 

7... (Si SUBSTRATE) 
15... ( BACKSIDE ELECTRODE 

(57) Abstract: A light-emitting device (1) comprises a light-emitting layer portion (24) having a double heterostructure wherein 
a p-type cladding layer (34), an active layer (33) and an n-type cladding layer (32) respectively composed of a Mg a Zn 1 ^0 oxide 
(wherein 0^ a ^ 1) are arranged in this order. A surface on the side of the n-type cladding layer (32) is used as a light taking-out 
surface An n-type low-resistance layer (35) is further arranged on a major surface of the n-type cladding layer (32) which is on 
the light taking-out side. The n-type low-resistance layer (35) is composed of a Mg a Zn 1 . a O oxide and contains more n-type dopant 
than the n-type cladding layer (32). Consequently, there can be obtained a MgaZn^O oxide light-emitting device with excellent 
w light taking-out efficiency which comprises a light-emitting layer portion composed of a MgaZn^O oxide and a highly conductive 
^ MgZnO compound semiconductor layer arranged on the light taking-out side of the light-emitting layer portion. 

g (57) 11*. ^Mg.Zn^O (fc*£U 0<a 1 1) ? !*LK2££I 
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5 +^J&*atlfctfe«i*Sr^6fcW:. n§H£3£#tJi<£> V- h$g£ttt*tfcu 1X10 16 

m£l_b 10^ m^Tl^ttS ^ £ UV\ 

^UT, nlMICt^nl^tyrMttlX 1 0 17 /cm 3 £Uil X 1 
10 0 2O /cm 3 ^Tl?fe5ii^a*U\ t^ni^y7i^lX10 17 /c 
m 3 *fT?f4+^^^- fSJit^iSMfef > lX 1 0 20 /cm^it5h n 

nlK^yhSSttl X 1 0 17 /cm 3 »±l X 1 0 2O /cm 3 m'fc5^i: 

HXf±2lP;±Mt#5o nSHS&^Jlte. ^ifJMOVPEfeia!), fife 
St Kliitnl Kw-?y Mrtf ItMg , Z n ^.OltftllS t LTfigftt5 
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|^7y Kli^SMg Z nOl^H Mg a Zn,., OS»ft« k fctmffi-efco 

S^fb#>Jf w£ mft5 ©"C. ^iCpiK- ^i/b^r^Pi-5^^^< ft 
5 MMf©pl^>t<ttiS©Mg a Zn 1 . i Olitt?:#5ri:^-e^ 

S£UV\ ^(Dfcfc^f*. «ffe©p3likffc4fc*«N Mg Z nO«Of$*lRlt^ft 

Cu0^t«t5i^ Cu©-WGaH©I I I^XtiSrf©I 1^ 
pI^y^KI^Wt P iK-^yHI^pl^7S' KJi©W 

20 m^^-mnx-^-t-s^ti^fepr^mft^o^ ^©paK-^^trsaini- 

5&»sft<ft*K JWSFftait©pffl^9 35r KIIr#5wi:m5, ^ 

ft < , pI^?yKl©l ^JiSTFOflflMB* 3 *-*** UTJt&fcSftTV^S 
£ y T^fcSLMHt ft^^S^^^tS^M^^^ s ^^tb^< v\ 

25 ^PJ^ftSH^&VN-C, M g . Z n O WU^^lSMife^i 9 ^ 
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5 pr^ P sMg a zn 1 .,os s nmxm^&&i om/ cm. 3 skTkvtz.p 

mu g . z n ! _ . os fc§fes-es 5 i 5 fcjfc 5o ttffifrfbttffi VMS £f 

MOVPEfetiS pS^7y KJBifc5VM:ig*£JB©JifeSW\ lTorr (1. 

3xio 2 p a ) u±(omti^m^tc^mn^xn^:^^tKx ^ ^Bif^mst 

§^5til:0 2 fcMbt^Atl5'b©tt5) ^lTorr (1. 
3X10 2 Pa) £JUbfc-t-5©36SJ:v\ 

MBE^fflV^^ (~10- 10 Tor r) ft*pl^7y 

Mg.Zn^.O (fcfcU O^a^l) SSMfcW-J: 9*^*^5 pl^ =7 
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M^7y KJ13 2 ©3te&tTOiHltf>5£&ffifc. Mg.Zn^.O (fcfcU 0^ 
5 a^l) ®IMfc&K:J;>J*j££*K ^onl^ 7 y KI i H nl K^V f 

10 ffcfr, B3fcJf £B 2 4 <£«ffil&!l (pl^7S/KS3 4i) fct, Ag (Aufc^fct 

2 2&?>UT. iIMT*fe5S iS&7a5|£!9^:b£;h/rV^o § bfc. S i 

15 Mg^^y) «t^c«l^IRI^c:2a5^^!l59fS*^^s^fc3^coTv^s 0 ^134, 3 3, 

3 2, 3 5fc£ % VxT*Lfcc«#fateJ*«£*T/fcfc 5. MgZnOro^T 

I* 

iLTSMffit?f5, fifc^, pl^?? KJB3 4 3 3tt, 

ni^y Kg 3 2 tt % ?&<|£J1 3 3 \Z&tf &&ft¥*»k&MtM{b£fr& n 
S*+9 7iS^ttfl X 1 0 17 /cm 3 PJU:l X 1 0 20 cm 3 TOira 
S$tl/5e nlK-/NVhtLTij: % B % A K Ga^I n©lSXfi2S^± 
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h Sr^t&bn t 1~5 c 1 1 1?# So 
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10 i n> l i©— axr±2a£Jt±*sflfe*&^r**i/"rv^. pl^tDriSiiixi 
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15 m^T^Rr^^^K^^yT 0 ^/^— Eg (3. 10eV~2. 1 8 e V@ 

*>5#. ^mwfejsatefcttffii-s*^^ &S4 5 0 nm~5 0 onmKxmytn 

tBjfc/^K^* ^yi^-E g (2. 7 6eV~2. 48eV@$) «r^Ti"S 
^©SrSt^-fSo i^i^MtS^^lis tft2 8 0nm~40 0n 

20 m^T^FTli^^K^^y^^^-Eg (4. 4 3eV~3. lOeVg 
ft) SrJ(ri-St>©«r3B^i-5. 
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U»— 3tejR"CttO. 25eV~0. 5 e Vtgit5©iUV\ i 
©-flitt. plMg I Zn,. I Oi34, Mg y Zn!_ y OSttf3 3WniMg z 

^HJKgffifc^Ttts H3l^tJ:5^ p!^7yK!34^ Mg.Z 
5 n^.OStlbitftltWttt, ^itfCuO, N i Ofo^SV^fciL i O^bfc 
5pMtl3 4 bdS^if SJUTV^S. ^UtipI»i3 4b|^U p 
SUc K-fcV^^tlfcMg .Znj-.Olt^lS 4 a tf^XteSfJi &Jh/rv^„ 
d©i5*#3£*r«ffi-f-5r p®^^ Kg 3 4^»^y^^7l>^K 

10 gl Zn,_ I Oiiftftl3 4 a^OpSiK-'^bfcS&TlfTfc&frfcpSSJIt 

< M^I©pIt)U<liil©Mg ZnO»ft«I*#5ri#1?t5. 

15 M13 4 b igtSMg l Zn 1 _.OiiM3 4 a S^I^SJl^^-f- 

-blBpSMMfcfctt, Mg ZnOfc#ftfl*»fc*HP?»%te*-r5. jfcfr. pit 
{b^J!3 4bftpi^7S' KS3 4 if fcTMg a Z n ^.OSLSMM&JB 3 4 a t& 

3&3te3&3s©©T5rffi< - £ to^^s, pStWI 3 4 b<Dmm&i& 

PJ Kl* 6 tt^HSft b"C N ^ p 3lgHfc4fe/l 34bi gH"5M g.Zn,., OSLBMb 

^•^4f5, ift&a&tt 5 pSIBMbl&JiS 4 b zmzfe^-Mfc 
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mmzx&f$ir%zbim&v\<\ m^ii pmrnt^ms 4b<i:cuo;fe>5v^ 

3~5;5H^f £*TO^ffl£ Us Z.thb&-fZMg ZnOJS3 4 a(D|f^2 0 nm 

5 sit, m*-i-£ 1 5 n mn&(ommx^m-r 5 z. t tmiz uv\ 

10 UT^i~6- f!lx.«^WK)t-^-f-6-i^ii^uv\ pl»fbWl3 4b 
0 1 <Dm%mi- 1 «s #>~7^ ^?s<y K 9«*A N «®«@ 1 5«^jE^ 

AistixjfcymznZo naiss^i 3 5 «gtti 3 3 i 9 t>/^y t y 

5^, t77-fTSIl 01.KZ n O 5/ 7 7l 1 1 2r^fc'*= 3 ri^/H& 
S£i2:5o #^T% nSte^Jl3 5. nl^7f K|3 2, ?SH4fi 3 3 IkM p M 
^7^ KM 3 4^r©JII^i31T^t: 0 ^^r^-=f/^*$ii:5 0 £>#Jf <D:t tf* 3r 
25 ^/W&^te, t&56^MOVPE^^U<«MBEfe^T^5$ii:5r i^x*^5 e 
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£JHF. MOVPEi^t:ov^i*ff*5, 

flqftfcte. N 2 0. NO, N0 2 , CO, H 2 0&£\ ^mMJ&M-V^ N z O (S: 
10 ®Hb^Sf) £rfflV^TV^ 0 

• Znl^ : v^^/V-aE^ (DMZn) . i/^f-frW.^ (DEZn) ?£b\ 
•MgMJf* ' y?^*s>7xi^s%*/^~?V-^tf^t7J* (Cp 2 Mg) Jfeifo 

15 <5r/V^ifo 

ft**. Cul^f7 % N i^^&tfL iH^tt, pM^h^^7y^T*fe^o 

20 • s iM^f^ : ^/ ^7>-^^©^y ^^m<tm^^ 0 

A 1 x Ga^InfOI I Il7ci©iaXH2S»±«:, V^tc^T 
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. All^ : hV ^f-;VT;V%=- *A (TMA 1 ) ,M)xf;W^ = !>A 
(TEA1) ftifo 

-G&Mtf*' hV t^tfV (TMG a) _ % h V ^jVjtV ? J>. (TEG 
a) Jfeifo 

5 • I nl^f^ : hV t^-A^OW* (TM In) JUxf;WW (TE 
I n) fcif. 

piK^yfttTMjci (Ga) tt&Kl^i (N) 
P I^77 KM^^J^S^rfT^^^^^NM^JfeS^^^.G a?H2:^5^^ 

5 it It J: 5 nfflt»*tt«r#5J:5R:b-ct> «fcv>U B. AK GaWlnl© 
I I I$§7C?it£, nl K^y h t LTWiPtS w t fci 5 nlilttl:#5 
15 <£ 5^UTt> £V\ K— A-y htf* t UTte N AK Galt^I niCoV^ft, p 

fi^7>- (b 2 h 6 ) fc^v^ctas-ctrSo 

20 &5^a&JS#*MO©^iJfc&^*:7n — (MFC) 

1~5 0 tit. ^iI^tfe5N 2 OMK-^M|^^t%^^7n-3 
yfn-7 (MFC) fcj; 9*fl$H*5. 

25 ^^®fi!J©^®^ji^®t b-C^^tv6 0 IMtifeSct, IS10 
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&wtfc&#x»mf&T\zx+&\zT-~*#mtz>o mt&tfxtes o 2> co N 

^IIJfi^tgTttNaOSrteJBUTV^o /H&3g?BJn*s MOVPE©^ 

^«rtm-cfT3fc5»^*tt. 7 5o°cm± (fcfcu, s^^it^J; •? 

U3t;tftv\ 

£ N ^a^O^^ftl^It- 5fe«>fc2 5 0-3 5 Or (*»0^t6t?tt 3 5 0°C) 
15 <D— fUtr ft i-^^0<D^MIS^a«r A LEjfe (Atomic Layer Epitaxy fe) 

fem&ftt:m&vxmm&mtfxMo&+&K'<—&T & hvt^ wtrnmifx 

SrlJS^JH^fife-fSo tK St 1 O l^ttM g Z n Oli5 1 ^I^t* 

o'CfcR^atsu— as (*njfi^«st?» 7 5 o°o t#nus §^^«^jr 

25 (&mMtfx) Srl^^trt^ /^77i©»sfeoMS:it©MO 
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iltI3 3WpI^7^ K«3 4££<D)ig#fcTMOVPESfct£J: t)^-f-5o 
5 nI^7yKl3 2 J±. K*^JBESr«EE«T («ttf7 6 0 torr £iT) KTtfx 

Loo, — jSEm&\z.£9&fctZo r^i^ nii£g^!3 5fi, Mg a Zn 
10 tffcfr, nI^7yKl32tt, nSH£S*i;Ji3 5 i:HS^O%©i:U« 

^£>^ ?§&Jf 3 3RXFpm?9iy KJ13 4©|liT^ft&?T&5o pI^7^K 
I3 4lt 0 3 K^k-tX oK. Mg.Zn ^.OlSlttl 34 a t vMmtmM 
15 3 4 b ^^S(^SUfct>^)i: UT^S-r5^M^fe6o IS4^, pl^7^F 
J13 4 5r^S-r6^^)^^^v— >r^*<D— M&7F-fh<DX*hZ> 0 Z<Dl/—Sr> 

20 ao=o) mv<'bffimMmfcttm~fz*i%Lm.Mm c^*:nad t&#m-r 

MftZo Ztl\z£V, p 1^ 7 y Ki 3 4 O^lll' It© p St'ttl 3 4 

pst»i3 4 b %mx&g:&itz>mz^ Mg.zn 1 _ a om.mimm 3 4 
25 &<D^^mmv^hpmmtmm3 4b(Dm^hm^mrr^^^£o^-r^^ 
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£<£>4§£\ pimi3 4blt p Stftfe i M g Z n O t ^Hit Lfcf^ t ^ 

JHBIiBKiiiSVvrMg Z n O&JRig;?f;*©ittNS0 &ifn £ t Irf^tSo 

Mg a Zn 1 . l Oi»i3 4 a©^o*S:fltJh$*fc^tiT?H P WMfcWM 3 4 

b ©fifes «re* 5 - fe-e, ^ofltjhsirads-a^fR^sasBiHii ur^-t-s^m. 

UfcfL pM^{k^JSai^©^lJ:§JD#^5J:5^i-Si, 

ffc, Mg t Zn 1 .,OliM3 4a©^tlt pIK^yf (0U;t 
15 «GatN^») ^£6 K— fc 0 >-^£:*Tft5o plK^yh^lt Mg 

. z n ^ a omwtfcmm 34a ©jd&*w* +»3SsaK#*) <d#&&u 

Zn 1 .,OStW3 4 attpIK-^h^- K— Vls?£1fr1dffllttt 

20 H 5 5 fc. pIK- /^M^pi^yy KI3 4 (fcSVM* 

M g , Z n a _, omMABM 3 4a) £ 9 t>*VS**tf K-f^^I 

(£{Ts 6 K— If^^S tV^5) 34ct Mg l Zn 1 . ! 0»l3i34a© 

^y^^^^^Ka^^^te^-t-s^m^— waftt>oift9, pi^ 
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s££: 3 b 5o 5 F-t* 3 4 c H\ Mg . Z n ^.OStft^I 3 

5 jK^fcJ:******* 1/2 0gJl±l/4^f-JIKTi:*5J:5K:Mi-5^2: 
#3* uv\ 1/20 ^«*»|T?W:^ v*? 1 ?^ K^m^^^m^^+ 

^fcftS. l/4^*Sr«^S pSFw<vf©^n*#ia£J 

Rf& % MgZnOl34a©^l»Tl 0-5 0 0^g©«SilCf5r t 

10 i o ^s*Hr-ef*N p M F— f ©aajniasffiSSI i <? ^i~< * 

no^jR*^©«E*srs nsi btettmmmwt, mmi xv^z^nso 
z>/bm&Mmb&&m-t-z>x5fc%j\)mz-, g&sagtf nxi t 

^ot)#^.5— ^ pSF^yW^li Mg z nOffl&tfx<oizffi,mMWz-ttJ& 
-fZ'bffiMMffl (ift*:ND0) b, mc<'bffim.MffiKttJ&TZ>*ffiMMffl (M 
*:ND1) tas£#1-5£5fcis0 9#;t5o 

25 5 F— tff^JiS 4 c tfcntS pi K-^> hM^^n 77^/^ 5 
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S3 4 cWtSil^ Mg t Z n ^.Ol^^CMmtSr 

-e$>5o JMfcfcJfcWU ®6M*^T N NSO tNXO t^rir^^-^n^-f £^££r;t 

£LV\ Mg,Zn 1 . 4 OliM3 4a^ii:5 K-tV^l3 4cS: 

^•fS^l-ft. pmV~;<l/htf*<D&%;m$i\^ MOVPESia5Mg a Z 
n 1 _.Olt»!3 4 a©^^-KSr N /<y77il l©M^t»AL 

10 HU^*5lt5Mg a Zn 1 _ a O^>fb^S3 4 a<£>^&< £ t>*«© 1 5H^Jl£rA L 

15 n^.01^13 4 att^Kl^^tl, ^Mg.Zn^.Olitt 
134 a|.)tLpliW3 4 bi^ b^JliKlW^nS, V^tf-fiJ^ 

20 £©|3i±K:#-5--**5. 

b 8 «t 5 ^ ^ttg 3 3 KMvx-hpmmit^m 33b ^ 

Mg.Zn 1 _.OSlBWb4fcJi3 3 aj4/y fWttS. 
25 fc$3 x ?£ttJl3 3Wpl^7yKl34«rM^5^t 
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Ifi&fcfrS;^ 760Torr (1. 0 1 X 1 0 5 P a Xtt 1 ^JE) m^*-C^>ff 
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